Abstract: A Topological index also known as connectivity index is a type of a molecular descriptor that is calculated based on the molecular graph of a chemical compound. Topological indices are numerical parameters of a graph which characterize its topology and are usually graph invariant. In QSAR/QSPR study, physico-chemical properties and topological indices such as Randić, atom-bond connectivity (ABC) and geometric-arithmetic (GA) index are used to predict the bioactivity of chemical compounds. Graph theory has found a considerable use in this area of research. In this paper, we study HDCN1(m,n) and HDCN2(m,n) of dimension m, n and derive analytical closed results of general Randić index R α (G) for different values of α. We also compute the general first Zagreb, ABC, GA, ABC 4 and GA 5 indices for these Hex derived cage networks for the first time and give closed formulas of these degree-based indices.
Introduction
A graph is formed by vertices and edges connecting the vertices. A network is a connected simple graph having no multiple edges and loops. A topological index is a function Top : ∑ → R where R is the set of real numbers and ∑ is the finite simple graph with property that Top(G 1 ) = Top(G 2 ) if G 1 and G 2 are isomorphic. A topological index is a numerical value associated with chemical constitution for correlation of chemical structure with various physical properties, chemical reactivity or biological activity. Many tools, such as topological indices has provided by graph theory to the chemists. Cheminformatics is new subject which is a combination of chemistry, mathematics and information science. It studies Quantitative structure-activity (QSAR) and structure-property (QSPR) relationships that are used to predict the biological activities and properties of chemical compounds.
In the QSAR /QSPR study, physico-chemical properties and topological indices such as Wiener index, Szeged index, Randić index, Zagreb indices and ABC index are used to predict bioactivity of the chemical compounds. "In terms of graph theory, the structural formula of a chemical compound represents the molecular graph, in which vertices are represents to atoms and edges as chemical bonds". A molecular descriptor is a numeric number, which represents the properties of a chemical graph. Basically, a molecular descriptor and topological descriptor are different from each other. A molecular descriptor represents the underlying chemical graph but a topological descriptor are the representation of physico-chemical properties of underlying chemical graph in addition to show the whole structure. Topological indices have many applications in the field of nanobiotechnology and QSAR/QSPR study. Topological indices were firstly introduced by Wiener [1] , he named the resulting index as path number while he was working on boiling point of Paraffin. Later on, it renamed as Wiener index [2] . Consider "n" Hex-Derived networks (HDN1(1, 1)),(HDN1(2, 2)) and so on to (HDN1(m, n)). Connect every boundary vertices of (HDN1(1, 1)) to its mirror image vertices in (HDN1 (2, 2) ) by an edge and so on to (HDN1(m, n)). As a result, we found a graph, which is called Hex-Derived Cage networks with "n" layers. In this article, the notations which we used take from the books [3, 4] .
In this article, Graph (G) is considered to be a graph with vertex set V(G) and edge set E(G), the d(a) is the degree of vertex a ∈ V(G) and S(a) = ∑ b∈N G (a) d (b) where N G (a) = {b ∈ V(G) | ab ∈ E(G)}.
Let G be a graph. Then the Wiener index is written as
The Randić index [5] is the oldest degree-based topological index invented by Milan Randić, denoted as R − 1 2 (G) and defined as
R α (G) is a general Randić index and it is defined as
A topological index which has a great importance was introduced by Ivan Gutman and Trinajstić is Zagreb index and defined as
Estrada et al. in [6] invented a very famous degree-based topological index ABC and defined as
GA index is also a very famous connectivity topological descriptor, which invented by Vukičević et al. [7] and denoted as
ABC 4 and GA 5 indices find only if we find the edge partition of interconnection networks each edge in the graphs depend on sum of the degrees of end vertices. ABC 4 index invented by Ghorbani et al. [8] and written as
The latest version of index is GA 5 invented by Graovac et al. [9] and defined as
For any graph G for α = 1, the general Randić index is second Zagreb index.
Main Results
Hex-Derived Cage networks HDCN1(m, n) (show in Figure 1 ) and HDCN2(m, n) (show in Figure 2) give closed formulas of that indices, we study the general Randić, first Zagreb, ABC, GA, ABC 4 and GA 5 indices of certain graphs in [10] . These days there is a broad research activity on ABC and GA indices and their variants, for additionally investigation of topological indices of different families see, [1, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . 
Results for Hex-Derived Cage Networks
We compute specific degree-based topological indices of Hex-Derived Cage networks. In this paper, we calculate Randić index R α (G) with α = 1, −1, Proof. Let G 1 be the Hex-Derived Cage network (HDCN1(m, n)) where m = n ≥ 5. The edge set of HDCN1(m, n) are divided into seventeen partitions based on the degree of end vertices shows in Table 1 . Thus from Equation (3), is follows that
By using the edge partition given in Table 1 , we have
After simplification, we have
Using the edge partition from Table 1 , we have 
In the next theorem, we calculate the ABC, GA, ABC 4 and GA 5 indices of Hex-Derived Cage network HDCN1(m, n). Theorem 3. Let HDCN1(m,n) be Hex-Derived Cage network, then we have • √ 30. Now we calculate GA from Equation (6) as
From Table 1 calculate GA(G 1 ) as (HDCN1(m, n) ) are divided into sixtynine edge partition E j (HDCN1(m, n)), 18 ≤ j ≤ 86 shows in Table 2 .
From Equation (7), we have
From Table 2 we use edge partition, we get Now we find GA 5 (G 1 ) as
Using the edge partition from 
Results for Hex-Derived Cage Network (HDCN2(m,n))
In this portion, we find some degree-based topological indices for Hex-Derived Cage network (HDCN2(m, n) ). We calculate the general Randić index R α (G) with α = {1, −1, (HDCN2(m, n) ).
Theorem 4.
Let G 2 ∼ = HDCN2(m, n) be the Hex-Derived Cage network, then its general Randić index is equal to Proof. Let G 2 be the Hex-Derived Cage network (HDCN2(m, n)) where m = n≥ 5. The edge set of HDCN2(m, n) is divided into twenty partitions based on the degree of end vertices. Table 3 shows these edge partition of HDCN2(m, n).
Using the edge partition from Table 3 , we get
After simplification, we get
Using edge partition from Table 3 , we get 
In this theorem, we find the first Zagreb index for hex-derived cage network G 2 .
Theorem 5. For Hex-Derived Cage Network (G 2 ), the first Zagreb index is equal to
Proof. Let G 2 be the Hex-Derived Cage Network (G 2 ). Using the edge partition from Table 3 , we have
In below theorem, we calculate the ABC, GA, ABC 4 and GA 5 indices of Hex-Derived Cage Network G 2 .
Theorem 6. Let G 2 be the Hex-Derived Cage Network for every positive integer m = n ≥ 5; then we have
Proof. Using the edge partition from Table 3 , we find ABC as 
Using the edge partition from Table 3 , we find GA as
13 + 54.
If we suppose an edge partition based on degree sum of neighbors of end vertices, then the edge set E(G 2 ) can be divided into seventy six edge partition E j (G 2 ), 21 ≤ j ≤ 96. Table 4 shows these edge partitions.
From Equation (7), we get
Using the edge partition from From Equation (8), we get
2 S(a)S(b) (S(a)S(b)) . 
Conclusions
In this paper, certain degree-based topological indices, namely the general Randić index, atomic-bond connectivity index (ABC), geometric-arithmetic index (GA) and first Zagreb index were studied for the first time and analytical closed formulas for HDCN1(m, n) and HDCN2(m, n) cage networks were determined which will help the people working in network science to understand and explore the underlying topologies of these networks.
For the future, we are interested in designing some new architectures/networks and then study their topological indices which will be quite helpful to understand their underlying topologies. 
